Abstract. Tomato plant demands adequate plant nutrients especially nitrogen for optimum growth and yield. Amount of dry matter produced per unit of nitrogen applied or absorbed can be judged by estimating the nitrogen use efficiency of different nutrient sources used for tomato cultivation. The present experiment was aimed to examine the effect of 15 different combinations of organic and inorganic nutrient sources on growth and yield attributes, nitrogen use efficiency and soil nitrogen balance. The result revealed that tomato growth and yield attributes as well as different parameters of nitrogen use efficiency (PFP, AE, PUE and AR) were remarkably influenced by the application of different sources of nutrients. Substitution of 25% of recommended fertilizer dose was possible when higher amount of organic manures and biofertilizer were combined together. Vermicompost emerged as better organic nutrient source over farmyard manure. Inoculation with biofertilizer exerted more positive result over uninoculated treatments and benefits of biofertilizer application were prominent in presence of vermicompost. The nutrient schedule comprising of 75% recommended fertilizer dose of inorganic fertilizers and vermicompost (4 t/ha) inoculated with biofertilizer was found best for growth, yield attributes as well as the NUE parameters and soil nitrogen balance. This should be practiced to achieve desired yield, nutrient use efficiency and sustaining the fertility and productivity of soil.
INTRODUCTION
India is the second largest producer of vegetables just after China in the world and contributed 14% of world production where tomato occupied an area of 0.87 million ha with 16.83 million metric ton production covering 11.5% of total vegetable production (Annonymous, 2011) . Tomato is a high input responsive crop and demands adequate nitrogen throughout growth period. However indiscriminate application of chemical fertilizers tends to hamper the crop productivity and quality, deteriorating the soil health and makes the plant susceptible to pests and diseases. Excess use of nitrogenous fertilizers encourages nitrate accumulation in fruits and ground water pollution. With the changing scenario, recent years have witnessed a renewed interest for sustainable crop production with greater emphasis on application of organic amendments supplementing the chemical fertilizers. Organic amendments act as a store house of plant nutrients.
They played direct role in supplying macro and micro nutrients and indirectly in improving the physical, chemical and biological properties of soil (Palaniappan and Siddeswaran, 1994) . However, different authors reviewed that the complete substitution of inorganic fertilizers by organic amendments is not possible to fulfill the large crop nutrient demand particularly crops like tomato. Therefore, it is inevitable to frame out a strategy for judicious combination of sources of nutrients, which will not only augment the efficiency of both the sources but will also minimize the ill effect of over use of chemicals. Several workers reviewed the significant role of organic amendments particularly farmyard manure, vermicompost and biofertilizer in influencing the soil properties and enhancing the yield and quality of different vegetable crops like brinjal (Naidu et al., 2002) , chilli (Patil and Biradar, 2002) , spinach (Peyvast et al., 2008) and tomato (Das et al., 2008) . However under acid soil of eastern Himalayan region the nutrient use efficiency of different organic nutrient sources in conjugation with inorganic fertilizers on frontier vegetables like tomato is still very meager. The goal of the present study was to evaluate diverse nutrient source for tomato growth and yield performance and to identify the best nutrient combination for maximizing production potential and nitrogen use efficiency of the applied nutrients. The soil nitrogen balance was also worked out to determine the sustainability of the production system.
MATERIALS AND METHODS

Experimental site and materials
The o C. The annual rainfall ranges between 2100 to 3300 mm, 80% of which is received through southwest monsoon during July-September. The soil was sandy loam (61, 20, 18% sand, silt and clay respectively) in texture and slight acidic in reaction (pH 5.71). The initial soil organic carbon was 0.83% and available N, P, K contents were 154.28, 21.17 and 124.48 kg/ha respectively.
Treatments
The treatment consisted of 15 combinations of different nutrient sources and was laid out in randomized block design (RBD) with three replications. The treatments were selected for sole and combined application of varied levels of vermicompost (VC) and farmyard manure (FYM) along with 100% and 75% of recommended dose of inorganic fertilizers in presence and absence of biofertilizer along with a control (no manure or fertilizer). The combinations were T 1 -Control ; T 2 -100% Recommended Dose Fertilizer (RDF) (100:60:60 kg N P K /ha) ; T 3 -100% RDF + 6 tonnes FYM /ha + biofertilizer ; T 4 -100% RDF + 2 tonnes VC /ha + biofertilizer ; T 5 -100% RDF + 3 tonnes FYM /ha + 1 ton VC /ha + biofertilizer ; T 6 -75% RDF + 6 tonnes FYM /ha ; T 7 -75% RDF + 6 tonnes FYM/ha + biofertilizer ; T 8 -75% RDF + 2 tonnes VC /ha ; T 9 -75% RDF + 2 tonnes VC /ha + biofertilizer ; T 10 -75% RDF + 3 tonnes FYM/ha + 1ton VC /ha + biofertilizer ; T 11 -75% RDF + 12 tonnes FYM /ha ; T 12 -75% RDF +12 tonnes FYM /ha+ biofertilizer ; T 13 -75% RDF + 4 tonnes VC /ha ; T 14 -75% RDF + 4 tonnes VC /ha + biofertilizer and T 15 -75% RDF + 6 tonnes FYM /ha + 2 tonnes VC /ha + biofertilizer. The recommended dose of inorganic fertilizers 100: 60: 60 kg N P K/ha were applied as per treatment combination. Full doses of P and K and half N were applied just before transplanting and remaining half N was applied after 4 weeks of transplanting.
Inorganic fertilizers were applied in the form of urea (N-46%), single super phosphate (P-16%) and muriate of potash (K-60%) respectively. Full dose of P and K along with half N were applied as basal and rest N was top dressed at two equal splits of 30 and 45 days after transplanting. The biofertilizer-Azophos containing Azotobacter and Phosphate Solubilizing Bacteria (PSB) with standard microbial population was used in the experiment. The biofertilizer were applied just before transplanting as seedling root dipping at 250 g/litre of water using rice gruel as adhesive. Pusa Ruby is an open pollinated tomato variety having indeterminate growth habit with small to medium sized mild acidic uniform red flattish round fruits was taken for the study. Healthy seedlings were raised in the nursery beds during first week of October and 5 weeks old seedlings were transplanted in the main field during mid November in 3.75 m x 3.75 m plots with a spacing of 75 cm within and between rows for both the years. The crop was raised adopting standard cultural practices. The observations were recorded on ten randomly selected plants from each plot on different growth attributes and yield characters ( Table 1 ).The use efficiency of applied nitrogen was worked out in terms of partial factor of productivity (PFP), agronomic efficiency (AE), physiological use efficiency (PUE) and apparent recovery (AR) by employing the following formula used by Dua et al.(2009) and Sharma and Banik (2012) .
Where Y f = dry fruit yield (t/ha) from fertilized plot ; Y c = dry fruit yield (t/ha) from control plot ; N a = amount of N applied (kg/ha) ; N upf = nitrogen uptake (kg/ha) in fertilized plot and N upc = nitrogen uptake (kg/ha) in control plot. While computing the above indices the amount of nitrogen added through fertilizers as well as through farmyard manure and vermicompost were considered. The mean N (on dry matter basis) and dry matter content of farmyard manure was 0.78% and 34.20% where as for vermicompost 2.12% and 42.40% respectively. The initial surface (20 cm) soil samples were collected prior to the layout of the treatments to access the initial fertility status of the soil. Soil samples were also drawn after harvest for studying the post harvest fertility of soil. The collected soil samples were dried, powered and sieved for chemical analysis. The available nitrogen in the soil was estimated by modified Macro Kjeldahl method (Jackson, 1967) . The total uptake of nitrogen was worked out from the dry matter production and estimated nitrogen content of dry fruits and plant residues (Tandon, 1999) . Nitrogen balance sheet was worked out by comparing the applied nitrogen and total removal of nitrogen by the different treatment combination.
Statistical analysis
The observations recorded from different treatments were subjected to statistical analysis by adopting the randomized block design (RBD) as per method suggested by Panse and Sukhatme (2000) . The data for individual year was used for pooled analysis over two years and the mean were compared at 0.05 level for statistical significance (Gomez and Gomez, 1984) . 
RESULTS AND DISCUSSIONS
Growth attributes
The observation recorded (Table 1) on plant height at 60 days after transplanting (DAT) revealed that the treatment N 100 P 60 K 60 recorded maximum plant height (60.56 cm) and was at par with the treatment N 100 P 60 K 60 + VC (2 t/ha) + biofertilizer. In contrast, the treatments involving combination of inorganic, organic and biological sources of nutrients recorded lower plant height at this stage. At 105 DAT, unlike 60 DAT the plant height showed significant differences and the treatments combining inorganic, organic and biological sources of nutrients recorded significantly taller plants compared to control and N 100 P 60 K 60 . The highest plant height (93.38 cm) was recorded for the treatment N 75 P 45 K 45 + VC (4 t/ha) + biofertilizer which was 45% and 17% higher over control and N 100 P 60 K 60 respectively. The enhancement of plant height with 100% inorganic fertilizers at 60 DAT may be due to the direct effect of higher amount of inorganic nitrogen, which is an integral part of protein and chlorophyll molecules. In case of number of primary branches, the treatment comprising of N 75 P 45 K 45 + VC (4 t/ha) + biofertilizer recorded highest number of primary branches (17.10) which was at par with the treatments N 75 P 45 K 45 + FYM (6 t/ha) + VC (2 t/ha) + biofertilizer (16.12) and N 75 P 45 K 45 + VC (4 t/ha) (15.47). Dass et al. (2008) recorded maximum number of primary branches (14.70) of Navjyoti tomato with 50% of N 120 P 75 K 100 along with VC (5 t/ha), whereas Patil et al. (2004) observed minimum number of primary branches (8.10) of Parbhani Yashshri tomato for sole N 100 P 50 K 50 .
The data on days to first picking showed statistically significant differences among control, sole inorganic fertilizers and combined use of different sources of nutrient. Integration of different nutrient sources significantly reduced the maturity days compared to control or N 100 P 60 K 60 . The earliest picking of fruits (77.81 days) was recorded for 
Yield attributes and yield
The yield attributing characters were significantly influenced by combined application of inorganic, organic and biological sources of nutrients. The results (Table 1) indicated that 75% of recommended inorganic fertilizers along with higher amount of organic manures have exerted significantly influence and surpassed the treatments having sole 100% inorganic fertilizers combination. Application of N 75 P 45 K 45 + VC (4 t/ha) + biofertilizer resulted in maximum number of fruits per plant (47.39), average fruit weight (59.48 g), highest fruit yield per plant (1.89 kg) as well as per hectare (26.14 ton).This treatment recorded 54% and 30% more number of fruits, 34% and 31% higher fruit weight and 57% and 40% greater fruit yield per plant over control and N 100 P 60 K 60 respectively. The findings suggested that irrespective of treatments, reduction of 25% of recommended inorganic fertilizers is possible only when higher amount of organic manures and biofertilizer were combined. The results further revealed that among the 75% inorganic fertilizers treatment combination, yield attributes were significantly influenced by the form and level of the organic manures and higher levels of vermicompost emerged as better growth medium over higher levels of farmyard manure. The increase of farmyard manure level from 6 t/ha (T 6 ) to 12 t/ha (T 11 ) recorded 12% more number of fruits, 13% higher fruit weight and 17% greater fruit yield per plant, whereas increasing the vermicompost level from 2 t/ha (T 8 ) to 4 t/ha (T 13 ) recorded 15% more number of fruits, 16% higher fruit weight and 17% greater fruit yield per plant. This can be attributed that the humic acid and humic substances of vermicompost might have enhanced the soil physical condition by exerting the fulvic acids that have positive impact on nitrogen mineralization and mobilization and helped in solubilizing the reserved mineral substances which subsequently resulted in greater uptake of plant nutrients and make them available throughout the growth period of the plant. Again within the vermicompost treated plants, inoculation with biofertilizer (T 14 ) have recorded 7% more number of fruits, 6% higher fruit weight and 11% greater fruit yield per plant, over the uninoculated treatment T 13 (N 75 P 45 K 45 + 4 t/ha VC).Which suggests secretion of certain growth promoting substances by bacterial inoculants and increased availability of nitrogen that might have led to better root development, uptake and transportation of water and nutrients and resulted in enhanced fruit production in tomato (Chatterjee, 2009 ). Significant positive influence of vermicompost on tomato fruit yield was earlier report by Chanda et al. (2011) .
Nitrogen use efficiency
Partial factor of productivity
The partial factor of productivity of applied nitrogen (Fig. 1A ) was increased gradually with the application of higher amount of organic manures. The highest value (18.85 kg dry fruit /kg N applied) was observed for N 75 P 45 K 45 + VC (4 t/ha) + biofertilizer, which was 59% higher over the sole chemical fertilizers (N 100 P 60 K 60 ). Similarly plots fertilized with a combination of N 75 P 45 K 45 + FYM (6 t/ha) + VC (2 t/ha) + biofertilizer and N 75 P 45 K 45 + VC (4 t/ha) were also recorded 52% and 50% respectively higher value of partial factor of productivity over N 100 P 60 K 60 . The result indicated that application of higher amount of organic amendment can efficiently transform the applied nitrogen to economic yield. It further showed that inoculation of biofertilizer had marked effect on partial factor of productivity and higher amount of vermicompost imparted more positive result over farmyard manure.
Agronomic efficiency
Agronomic efficiency (Fig. 1B) varied remarkably with the source of nutrients and showed an increasing trend with increased level of organic manures. Maximum agronomic efficiency (15.76 kg dry fruit /kg N applied) was recorded when plants were treated with N 75 P 45 K 45 + VC (4 t/ha) + biofertilizer and the magnitude of enhancement for this treatment was 73% over N 100 P 60 K 60 . In contrast, the lowest agronomic efficiency (4.29 kg dry fruit /kg N) by N 100 P 60 K 60 indicated decreased response of applied nitrogen towards economic yield of tomato. The result further revealed that reduced rate of inorganic nitrogen along with lower level of organic manures failed to improve the agronomic efficiency of tomato, but increased level of organic manures enhanced the agronomic efficiency under reduced level of inorganic nitrogen. Among different organic manures, biofertilizer inoculation with vermicompost had marked influence over farmyard manure on agronomic efficiency of tomato. Under 75% of inorganic fertilizers treatment combination, biofertilizer inoculation with highest level of vermicompost (T 14 ) recorded 21% improvement in agronomic efficiency over the highest level farmyard manure (T 12 ). This could be due to optimum availability of N as per crop demand and reduced N loss leading to efficient uptake and utilization of applied nitrogen (Singh et al., 2009 ).
Physiological use efficiency
The physiological use efficiency (Fig. 1C) of different treatment showed remarkable variation with the nutrient combination and the treatments where N was substituted through vermicompost was found superior over farmyard manure in presence of biofertilizer. The highest value of PUE (21.45) was recorded for the treatment N 75 P 45 K 45 + VC (4 t/ha) + biofertilizer combining which was 9% higher over sole application of chemical fertilizers. The superior value of physiological efficiency under higher organic manure combination could be the result of higher yield under higher organic manure containing treatments, which reflected the better conversion of source to sink by these treatments.
Apparent recovery
The apparent recovery (Fig. 1D) showed an increasing trend with the increased level of nitrogen application through organic manures and the highest apparent recovery (73.49%) was found for the treatment N 75 P 45 K 45 + VC (4 t/ha) + biofertilizer. The increased apparent recovery is the expression of nitrogen uptake by the fertilized plants rather than the amount of nitrogen applied. Added organic manures not only acted as source of nitrogen but also influenced their availability. The result showed that under reduced inorganic fertilizers in combination where N was substituted through higher amount of vermicompost recorded higher values of apparent recovery compared to the treatments where N was substituted through higher amount of farmyard manure. Improvement in apparent recovery in presence of vermicompost may be attributed to better nutritional environment in the crop root zone that might have enhanced the availability of nitrogen to the plant and converted the applied nitrogen in to economic yield more efficiently as compared to farmyard manure.
Nitrogen balance sheet
The nitrogen balance sheet was worked out (Table 2) by comparing the applied nitrogen and total removal of nitrogen by the different treatment combination and the result showed remarkable variation among the treatments. The magnitude of residual available nitrogen in the soil significantly improved with addition of higher levels of organic amendments. Uptake of nitrogen by tomato plants under different (Singh, 2001) . The nitrogen balance (applied -uptake) was found positive under all the treatments. The highest nitrogen balance was observed for the treatment N 100 P 60 K 60 .The readily available nitrogen through inorganic fertilizer might have increased the available nitrogen status of the soil. Incorporation higher vermicompost in presence of biofertilizer (N 75 P 45 K 45 + VC (4 t/ha) + biofertilizer) resulted highest actual and apparent N gain where as control plots and sole 100% chemical fertilizers (N 100 P 60 K 60 ) recorded maximum actual loss and apparent loss of nitrogen respectively.
CONCLUSION
The findings suggested that nutrient source have significant role on crop growth, yield and different parameters of nitrogen use efficiency (PFP, AE, PUE and AR). Substitution of 25% of recommended fertilizers dose was possible when higher amount of organic manures and biofertilizer were combined together. Vermicompost emerged as better organic nutrient source over farmyard manure. Inoculation with biofertilizer exerted more positive result over uninoculated treatments and benefits of biofertilizer application were more in presence of vermicompost. The nutrient schedule comprising of 75% recommended fertilizer dose of inorganic fertilizers and vermicompost (4 t/ha) inoculated with biofertilizer was found best for growth, yield attributes and fruit yield as well as the NUE parameters and soil nitrogen balance. This should be practiced to achieve desired yield, nutrient use efficiency and sustaining the fertility and productivity of soil.
